Sugarcane is the main sugar producing crop in Bangladesh. However, improvement of this crop through breeding is limited due to lack of genetic diversity. Therefore, genetic variability and diversity assessment are necessarily important for the foreign introduced materials. Experiment was conducted with 9 exotic sugarcane genotypes at Regional Station, Bangladesh Sugar Crop Research Institute, Gazipur, during 2012-13, following RCBD. Data were collected on different growth and yield contributing characters. Individual cane weight exhibited high genotypic coefficient of variation and phenotypic coefficient of variation. Leaf blade length, leaf blade width, fresh leaf weight, dried leaf weight, number of tillers, millable cane, bud size, cane diameter, internodes number, internode length, plant height, stalk length, brix%, and individual cane weight showed high heritability. Individual cane weight showed highly significant and positive correlation with cane diameter, internode length, and stalk length, whereas path coefficient analysis revealed that cane diameter had maximum positive direct effect on individual cane weight followed by internode length, number of tillers, and chlorophyll content. Results indicate that the genotypes should be selected on the basis of individual cane weight, cane diameter, and millable canes number for future breeding to get higher sugarcane yield in respect to juice and brix content.
Introduction
Sugarcane is the leading sugar producing crop in the world as well as in Bangladesh. It provides about 75% of the sugar harvested for human consumption [1, 2] . The average yield of sugarcane in Bangladesh is about 41.2 tons/hectare which is far below from the existing standard; therefore, possibilities could be exploited through collaboration among research stations and progressive growers [3] . Sugarcane is a long duration field crop which occupies the land up to 12-18 months for its maturity. It is considered as a time-consuming crop compared to other traditional field crops grown in Bangladesh. Therefore, sustainability of sugarcane cultivation in this country is threatened. To sustain sugarcane production and to improve the productivity, tolerance to biotic and abiotic stresses, nutrient management, and improved sugar recovery are of the major concerns. Development of varieties is important consideration that would be highly productive and tolerant against biotic and abiotic factors with the changing climate. Coefficients of variation with heritability as well as genetic advance are very essential to improve any trait of sugarcane because this would help in informing whether or not the desired objective can be achieved from the material [4] . Therefore, the objective of present study was to narrate the nature and extent of genetic variability and phenotypic and genotypic variability of sugarcane varieties in some exotic traits in Bangladesh.
Materials and Methods
The experiment was conducted at Regional Station, Bangladesh Sugar crop Research Institute, Gazipur, during 2012-13 cropping season under Madhupur Tract soil, following Randomized Completely Block Design (RCBD) with three replicates. Nine exotic genotypes of sugarcane, namely, GT11, GT15, GT17, VMC86-550, HoCP85-845, HoCP96-540, HoCP95-988, HoCP91-555, and CB45-3, were collected from Quarantine Station, Bangladesh Sugar Crop Research Institute, Gazipur. The two-eyed setts of each genotype were planted in 6 m × 5 m size plot. Line to line distance was 1 m and plot to plot was 2 m. Setts were placed in the furrow following end to end method. Data were collected on different growth and yield contributing characters. Intercultural operations like weeding, earthen-up, mulching, and irrigation were done as per required schedule. Leaf chlorophyll content (SPAD index) was estimated using a SPAD-502 plus chlorophyll meter [5] . The collected data were analyzed by different statistical software, namely. MSTAT-C [6] , PLABSTAT, and STAR [7] program for variability and diversity analysis. Analysis of variance was performed using the Plant Breeding Statistical Program [8] .
Estimation of Genotypic and Phenotypic
Variances. Genotypic and phenotypic variances were calculated using the following formula [9, 10] :
where GMS is genotypic mean square, EMS is error mean square, is number of replication, and phenotypic variance is
Estimation of Genotypic Coefficient of Variation (GCV) and Phenotypic Coefficient of Variation (PCV).
Phenotypic (PCV) and genotypic (GCV) coefficients of variation were evaluated according to the methods as follows [10] [11] [12] [13] :
where 2 is genotypic variance and is population mean.
Phenotypic coefficient of variation
where 2 is phenotypic variance and is population mean.
Estimation of Heritability.
Broad-sense heritability (ℎ 2 ) for mean values was calculated using PABSTAT [8] , following the formula described by [9, 10, 14, 15] :
where 2 is genotypic variance and 2 is phenotypic variance.
Estimation of Genetic
Advance. Genetic advance (GA) was estimated accordance to the methods illustrated [10, 16, 17] :
where ℎ 2 is heritability in broad sense, = is the selection differential value which is 2.06 at 5% selection intensity, and is phenotypic standard deviation.
Estimation of Correlation Coefficient.
The genotypic and phenotypic correlation coefficients between growth and yield contributing character were calculated as follows [13] : 
Cov ( ) 
where is the correlation coefficient between the th causal variable ( ) and effect variable ( ), is the correlation coefficient between the th and th causal variables, is the path coefficient (direct effect) of the th causal variable ( ), and is the indirect effect of the th causal variable via the th causal variable. To determine the direct effect, square matrices of the correlation coefficients between independent traits in all possible pairs were inverted and multiplied by the correlation coefficient between the independent and dependent traits.
Results and Discussion

Variance
Components. The analysis of variance for all characters showed statistically highly significant ( ≤ 0.01) among the genotypes except chlorophyll (Table 1) . Similar results were also found in case of number of millable canes, individual cane weight, cane height, and sucrose% [19] . These results indicated that there were greater variations among the exotic genotypes that might support the design of a breeding program for sugarcane improvement. As stated, the PCV (phenotypic coefficient of variation) and GCV (genotypic coefficient of variation) values are ranked as low, medium, and high with 0 to 10%, 10 to 20%, and >20%, respectively [20] . High GCV were recorded for fresh leaf weight (22.51), millable cane (22.28), bud size (24.02), and individual cane weight (37.79); while leaf blade width (19.43), dried leaf weight (15.42), number of tillers (16.20) , and cane diameter (17.58) showed medium GCV and leaf blade length (4.45), chlorophyll content (5.39), number of internodes (5.00), internode length (8.55), plant height (7.14), stalk length (4.38), and brix% (7.05) exhibited low GCV. Note. GV = genotypic variance, EV = error variance, PV = phenotypic variance, GCV = genotypic coefficient of variation, and PCV = phenotypic coefficient of variation. (Table 2 ). High genotypic coefficient of variation (37.79) and phenotypic coefficient of variation (37.96) were found in individual cane weight [21] . The estimated phenotypic coefficient of variation (PCV) was higher than genotypic coefficient of variation (GCV) for all the traits indicating greater environmental influence on these traits for total variation. High GCV and PCV indicated that selection may be effective based on these characters and their phenotypic expression would be good indication of the genotypic potential [22] . Mean performance of different genotypes had wider variation in performance values for different traits (Table 3) .
Heritability and Genetic Advance.
Heritability values are categorized as low (0-30%), moderate (30-60%), and high (60% and above) [23] . The characters of leaf blade length, leaf blade width, fresh leaf weight, dried leaf weight, number of tillers, millable cane, bud size, cane diameter, number of internodes, internode length, plant height, stalk length, brix%, and individual cane weight showed high heritability except chlorophyll content (45.3%) ( Table 2 ). The heritability for millable canes number (88%), stalk diameter (85%), and cane weight (84%) were also reported in sugarcane [19] . Similar results were found for those characters [16, 22] . It indicates that simple selection based on phenotype for these traits might be effective method for sugarcane variety improvement breeding program. The highest genetic advance was found in millable cane (10.645) and the lowest in stalk length (0.005; Table 2 ).
Correlation Coefficient.
The pairwise simple correlation coefficient ( ) among various variables of nine exotic genotypes is presented in Table 4 . Individual cane weight showed positive and highly significant correlation with cane diameter ( = 0.942 * * ), internode length ( = 0.837 * * ), and stalk length ( = 0.775 * ). There was also positive significant correlation of individual cane weight with leaf blade width ( = 0.784 * ), fresh leaf weight ( = 0.807 * * ), dried leaf weight ( = 0.765 * ), nonsignificant positive correlation with leaf blade length ( = 0.453), bud size ( = 0.078), chlorophyll content ( = 0.014), number of internodes ( = 0.523), plant height ( = 0.522), and brix% ( = 0.482). By contrast, number of tillers ( = −0.721 * ) and millable cane ( = −0.707 * ) had negative significant correlations with individual cane weight. Positive and highly significant correlation between cane yield and its components, namely, single cane weight, stalk length, and millable canes number, was reported [24] [25] [26] . It was also observed that cane diameter has significant positive correlation with cane yield [27] . Millable canes number had negatively significant correlation with cane diameter ( = −0.722 * ), internode length ( = −0.676 * ), and brix% ( = −0.742 * ). It was also reported that millable canes number had negative significant correlation with cane diameter ( = −0.722 * ) [24] . It is obvious that single cane weight, stalk length, millable canes number, stalk diameter, and number of internodes can be considered together in a positive direction towards an ultimate aim of developing high yielding sugarcane clone.
Path Coefficient Analysis.
Path coefficient analysis was performed to partition the correlation coefficient value towards individual cane weight into direct and indirect effect to get the real scenario of that trait into target variable. The results of path coefficient analysis revealed that cane diameter had maximum positive direct effect on individual cane weight (0.748) followed by internode length (0.676), number of tillers (0.410), chlorophyll (0.308), dried leaf weight (0.272), leaf blade length (0.229), and number of internodes (0.188) ( Table 5 ). Path coefficient analyses indicated that plant height was less important contributors than stalk diameter and stalk number for enhancing cane yield [28] . It was reported that numbers of internodes were the major contributors to cane yield per plot [29] . This study indicates that cane diameter, number of internodes, length of internode, and stalk length were most important for getting higher individual cane weight as well as improvement of sugarcane yield. Therefore, selection based on number of millable canes and single cane weight might directly increase sugarcane yield.
Divergence of Genotypes.
All the genotypes were clustered on the basis of agglomerative cluster analysis, where specifications were made based on Euclidean distance matrix (Table 6 ) and grouping was made on average clustering method. Based on these two methods together the nine genotypes were clustered into three groups named as cluster I, cluster II, and cluster III (Figure 1 ). Cluster II included 4 genotypes (GT 11, GT 15, GT 17, and VMC 86-550). Similarly, cluster III also included 4 genotypes (HoCP85-845, HoCP95-988, HoCP91-555, and HoCP96-540). By contrast, only genotype CB45-3 belonged to cluster I.
Conclusion
The study indicated that there is wide genetic variability among the tested genotypes for growth and yield characters. Moreover, the results showed high GCV for millable cane (22.28) and individual cane weight (37.79), while leaf blade length (4.45), chlorophyll content (5.39), number of internodes (5.00), internode length (8.55), plant height (7.14), stalk length (4.38), and brix% (7.05) showed low GCV. High phenotypic coefficient of variation was also recorded for millable cane (23.19) and individual cane weight (37.96). Path coefficient value in plant height is less important than stalk diameter and stalk number as a component of cane yield. Therefore, path coefficient, GCV, and PCV together might be helpful for effective selection. However, selection of candidate genotypes should also be performed considering those characters with high values of heritability because they magnify the genetic advance to progenies. 
